CABLE ASSEMBLY MODULE WITH COMPRESSIVE CONNECTOR 



REFERENCE TO RELATED APPLICATION 
[001] This is a Continuation-In-Part of U.S. Patent Application Number 09/933,406, filed 
August 20, 2001, entitled CABLE ASSEMBLY MODULE WITH COMPRESSIVE CONNECTOR. 

FIELD OF THE INVENTION 
[002] This invention relates to multiple wire cables, and more particularly to small gauge 
wiring. 

BACKGROUND AND SUMMARY OF THE INVENTION 
[003] High speed data and signal transmission rates are limited by the characteristics of the 
conductors used for transmission. For electronic systems having separate components connected by 
a flexible multi-wire cable, the signal rate is limited not only by the nature of the flexible wires used 
for the cable, but by the means of connection between the cable and each component. 

[004] For high-rate applications, various high speed cabling may employed, including high 
performance coaxial wiring, twisted pair wires, or other configurations. Any selected cable has 
characteristics which limit its bandwidth and frequency capability for a given length, when 
permitting a certain level of signal loss. The initial bandwidth of the cable is reduced by the 
connections between cable and the circuit boards or other components used to make up a system. 
Discontinuities at junctions between different types of conductors can lead to reflections and ringing 
that require an extended time for clock cycles. Crosstalk between conductors also affects the 
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maximum signal speed which is possible. Low Voltage Differential Signals (LVDS) te uses low 
voltages, typically under 5 volts, to limit switching noise that may generate electromagnetic 
interference with other electronic functions. Moreover, differences in transmission times for 
different lines may generate a skew, which also requires an extended period to encompass the range 
5 of times at which signals sent on each line arrive at their destination. 

[005] Normally, a connection between a cable and components requires a connector element at 
each end of the cable. Connectors have the facility to connect to the cable, as well as to a component 
such as a circuit board. Where the system requires detachability of cables and components, each end 
of the cable may include two mating connector components, one connected to the cable end, and the 

10 other connected to the circuit board. Such connectors each generate several discontinuities that 
limhs bandwidth to below the theoretical capabilities of the cable itself. Such discontinuities occur 
where a circuit board connects to one connector portion, where that connector portion mates with the 
corresponding other connector portion, and where that connects with the cable wires. The 
accumulated effect of these discontinuities is believed to reduce frequency bandwidth by about one 

1 5 half in some cases. 

[006] In addition to their effect on performance, conventional connectors add significantly to 
the cost and bulk of high speed cable systems. The connectors must be installed on the component 
boards, as well as on the cable, requiring skilled labor costs. Cable wire and circuitry components 
may be provided by different suppliers, each with a part of a necessarily mating connector, making 

20 compatibility a concern. In addition, a cable manufacturer may have customers specifying different 
connectors, requiring the stocking of different components. Manufacturing costs are also significant 
in that cables with a multitude of conductors must be carefully assembled to ensure that each 
conductor is connected to the proper contact on each connector. 

[007] The present invention overcomes the limitations of the prior art by providing a cable 

25 with a number of wires. Each of the wires has a number of signal conductors encompassed by a 

dielectric sheath, and the sheath is encompassed by a conductive shield. The wires are arranged side- 
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by-side in a row at an end of each wire, where a termination element is connected. The termination 
element has opposed major faces, with an array of first contacts on a first face, and an array of 
second contacts on the opposed face, each of the first contact being electrically connected to a 
corresponding second contact. Each of the signal conductors of the wire elements is connected to a 
5 corresponding one of the first contacts. The signal conductors may be a pair of wires arranged in 
parallel, so that all signal conductors are in a conmion plane. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[008] Figure 1 is a perspective view of a cable assembly in a system of electronic components 
according to a preferred embodiment of the invention. 
10 [009] Figure 2 is an exploded view of a cable assembly terminal according to the embodiment 
of Figure 1. 

[0010] Figure 3 is an enlarged section view of the terminal according to the embodiment of 
Figure 1. 

[001 1] Figure 4 is a perspective view of a cable assembly in a system of electronic components 
1 5 according to an alternative embodiment of the invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
[0012] Figure 1 shows an electronic system 10 having a first electronic device 12, a second 
electronic device 14, and a cable assembly 16. The devices may be of any type. The first and second 
devices respectively may be a base computer and a peripheral device, or a medical ultrasound 

20 imaging machine and transducer, for example. The devices may have separate housings connected 
by a flexible cable, as shown, or may be separate electronic components within a common housing, 
connected by the cable. Each device includes a circuit element 20, 22, which in the preferred 
embodiment is a rigid planar printed circuit board, but which in alternative embodiments may 
include flexible circuits, integrated circuit chips, ceramic circuits, hybrid circuit elements, or any 

25 circuit having exposed conductive contacts as will be discussed below. 
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[0013] Figure 2 shows an exploded view of a connection between one end of the cable assembly 
1 6 and one of the device board 22. The board has an interface region 24 having a pair of spaced- 
apart through holes 26 Between the holes is an array 28 of contacts 30. Each contact is electrically 
independent of the others, and connected by traces (not shown) to other circuitry on the board 22. 

5 The array of contacts is aligned on an axis in line with the holes 26, and the contacts are arranged 
evenly along this line. Each contact is an elongated bar oriented perpendicular to the line of the 
array, and parallel to the other contacts. In the preferred embodiment, there are 20 contacts, although 
this number can vary widely depending on the need, and is based on the number of wires in the 
cable, as will be discussed below. In the preferred embodiment, the contacts are plated with gold or 

10 another corrosion resistant metal to provide a low resistance contact over an extended device life. 
The contacts are preferably spaced apart with a center-to-center spacing of 0.025 inch, although this 
may range between 0.015 and 0.100 inch, depending on the need. A second board contact 32 is 
positioned near to the contact array 28. The second contact is an elongated bar as long as the contact 
array 28, and parallel to the array. The contact 32 is also connected to other board circuitry (not 

15 shown.) 

[0014] The cable assembly includes a bundle 34 of fine coaxial wires 36 arranged side-by-side 
in ribbon form. Each of the wires includes a central conductor 40, which is sheathed with a 
dielectric layer 42, The dielectric layer is encompassed by a shield layer 44, which is encompassed 
by an outer jacket 46 of insulating material. In the preferred embodiment, the jackets are formed as 

20 one unit, so that the adjacent wires are joined together along their entire length. In an alternative 
embodiment, the wires may be joined in ribbon form at their ends, but loose in the middle portion, so 
that they may be received in an additional outer sheath to provide a round cable exterior. Before 
assembly, a segment of cable is stripped to the illustrated configuration, in which a portion of each 
central conductor extends beyond the sheath. Although the shield layer is shown as terminating 

25 before the end of the sheath for illustrative purposes, it preferably extends to the ends of the sheath. 
The jacket is stripped back far enough to expose a portion of the shield on each wire. Each end of 
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the bundle is similarly stripped for embodiments requiring such connection at each end, although 
alternative embodiments may have only one end so stripped, with the other connected by 
conventional means. 

[0015] In the preferred embodiment, the central conductor is a copper wire with a single strand 
5 of 38 wire gauge, although this may range between 44 and 36, depending on the need. The dielectric 
layer is formed of FEP, and has a wall thickness of 0.0045 inch, for an outside diameter of 0.013 
inch, although this may range between 0.0065 and 0.065 inch, depending on the need. The shield is 
formed by a wrapping of 17 strands of 44 gauge copper wire. The jacket is formed of PVC, and 
provides an overall ribbon thickness of about 0.025 inch, although this may range between 0.015 and 
10 0. 1 00 inch, depending on the need. The center-to-center spacing of the wires is 0.025 inch in the 
preferred embodiment, although this may range between 0.015 and 0.100 inch, depending on the 
need. 

[0016] The cable assembly includes a terminal sheet 50 at one or both ends. The sheet is a 
planar element formed of FR4, with a thickness of 0.060. It is essentially rigid, although some 

15 flexibility is tolerable in alternative embodiments. The sheet has an oblong shape, and is oriented 
perpendicularly to the axis of the cable bundle to which it is attached. The sheet 50 has a top surface 
52 and a bottom surface 54. On the top surface, an array 56 of conductive top contacts 60 is oriented 
along the major axis of the sheet, spaced apart from each other with a spacing corresponding to the 
spacing of the central conductors of the wires of the cable ribbon. A second top contact 61 extends 

20 the length of the array, spaced apart therefrom and parallel thereto. The bottom surface of the sheet 
includes a pattern of contacts that is a mirror image of those on the board, so that they may overlay 
those of the board's interface region, providing one-to-one contact between each of the contacts only 
with the corresponding contact on the other component. As will be discussed below, there are 
conductive vias between each of the top contacts and each corresponding bottom contact. The 

25 termination sheet includes a pair of extending ears 62 that each define an aperture 64 that is sized 
and positioned the same as the corresponding apertures 26 on the board 22. 
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[0017] A clamp or lid member 66 is sized to overlay the entire sheet, and defines a pair of 
similar apertures 70 to register with those of the sheet and board. The lower surface of the lid is 
contoured to receive the wires ends and the terminal sheet, and the upper surface defines a concentric 
recess 72 about each aperture 70 to receive a spring washer 74. In the preferred embodiment, the lid 
5 is formed of a rigid thermoplastic material with electrically insulating properties. A pair of pins 76 
have shanks 80 sized to fit closely within the apertures of the lid, sheet and board. A pin head 82 and 
a split tapered nose 84 each have opposed shoulder surfaces 86 that are spaced apart a selected 
distance to provide compression of the washer when installed. 

[001 8] Figure 3 shows the assembled and connected cable terminal. The cable assembly is 
10 assembled by positioning the ribbon end in alignment with the terminal sheet so that the central 
conductors each rest atop one corresponding contact 60, so that the shields 44 all rest atop the 
contact 61 , and so that the shields do not contact any of the contacts 60. The wires are then soldered 
in the position by a reflow process. With one or both ends thus soldered, the cable assembly is 
completed, and may be stored, inventoried, and later installed, or shipped elsewhere for installation 
15 by another party. 

[0019] As shown in Figure 3, the terminal element 50 includes the above-described arrays of 
contacts on both sides. The lower side includes an array of lower contacts 90 that are located and 
shaped to overlay the contacts 30 of the board. A second lower contact 92 overlays contact 32 on the 
board. To provide communication between the contacts on each side of the sheet 50, a via 94 is 
20 defined in the sheet and plated through to connect each top contact 60 with the corresponding bottom 
contact 90. Similarly, several vias 96 are plated through to provide connection between contacts 61 
and 92. 

[0020] As installed, the sheet's lower contacts 90 are pressed against the board contacts 30 by 
the force of the captured spring washer 74. Nominally, the washers each provide a spring force 
25 distributed over the contact area to provide a pressure adequate to ensure ohmic contact for every 
contact. The axis 100 of the pins is aligned with the centers of the contacts 30, 90, to provide evenly 
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distributed force. In alternative embodiments, a compressible elastomeric member 102 may be 
provided between the lid and the cable terminal sheet to provide the ongoing spring force, instead of 
or in addition to the spring washers. 

[0021] In the preferred embodiment, the finely spaced contacts are arranged using "Gold Dot" 
5 patterns for standardization and convenience. However, any other standard or custom pattern of 
conductive contacts may be employed, 

[0022] While the above is discussed in terms of preferred and alternative embodiments, the 
invention is not intended to be so limited. For instance, the wires may be more closely spaced than 
is practical to space the board contacts (such as where board precision is limited.) Such an 
10 embodiment may use more than one board contact array, so that the spacing of each array is wider, 
yet an adequate number of contacts are provided. Alternatively, the termination sheet may use 
extended traces to connect the top side contacts to the bottom side contacts, to enable the bottom side 
contacts to be more widely spread than the top side contacts. 

ALTERNATIVE EMBODIMENT 
[0023] Figure 4 shows an altemative configuration of cable assembly 116 that is the same as 
that of the preferred embodiment, except as discussed below. The assembly 116 is adapted for 
connection to the devices noted above, in the same manner. 

[0024] The cable assembly includes a bundle 134 of fine wires 136 arranged side-by-side in 
ribbon form. Each of the wires includes a pair of signal conductors 140, 141, which is sheathed with 
a dielectric layer 142. The dielectric layer is encompassed by a shield layer 144, which is 
encompassed by an outer jacket 146 of insulating material. In the preferred embodiment, the jackets 
are formed as one unit, so that the adjacent wires are joined together along their entire length. In an 
altemative embodiment, the wires may be joined in ribbon form at their ends, but loose in the middle 
portion, so that they may be received in an additional outer sheath to provide a round cable exterior. 
Before assembly, a segment of cable is stripped to the illustrated configuration, in which a portion of 
each signal conductor extends beyond the sheath. Although the shield layer is shown as terminating 

30049 CIPl 



8 

before the end of the sheath for illustrative purposes, it preferably extends to the ends of the sheath. 
The jacket is stripped back far enough to expose a portion of the shield on each wire. Each end of 
the bundle is similarly stripped for embodiments requiring such connection at each end, although 
alternative embodiments may have only one end so stripped, with the other connected by 
5 conventional means. 

[0025] In the preferred embodiment, each signal conductor 140, 141 is a copper wire with a 
single strand of 38 30 gauge wire gauge, although this may range between 44 and 36 28 gauge wire, 
depending on the need. The dielectric layer is formed of FEP, and has an outside diameter of 0.013 
0.027 inch, although this may range between 0.0065 and 0.065 inch, depending on the need. The 

10 signal conductors are parallel throughout the length of the wire pair, and are spaced apart within the 
wire pair by 0.017 inch. At the terminal end, the signal conductors 140 and 141 occupy a plane that 
is parallel to the terminal sheet 150. 

[0026] The shield is formed by a wrapping braid of 17 1 12 strands of 42 gauge copper wire. 
The jacket is formed of PVC, and provides an overall ribbon thickness of about 0.025 0.042" inch, 

1 5 although this may range between 0.01 5 and 0. 1 00 inch, depending on the need. The center-to-center 
spacing of the wires is 0.025 inch in the preferred embodiment, although this may range between 
0.015 and 0.100 inch, depending on the need. The pair overall width is 0.075 inch although this may 
range between 0.040 and 0.300 inch, depending upon need. 

[0027] The cable assembly includes the terminal sheet 150 at one or both ends. The sheet is a 

20 planar element formed of FR4, with a thickness of 0.060. It is essentially rigid, although some 
flexibility is tolerable in alternative embodiments. The sheet has an oblong shape, and is oriented 
perpendiculary to the axis of the cable bundle to which it is attached. The sheet 150 has a top surface 
152 and a bottom surface 154. On the top surface, an array 156 of conductive top contacts 160 is 
oriented along the major axis of the sheet. The contacts are evenly spaced apart from each other with 

25 a spacing corresponding to double the spacing of the wires of the cable ribbon. Accordingly, each 
contact 160 corresponds to a single signal conductor. 
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[0028] A second top contact 161 extends the length of the array, spaced apart therefrom and 
parallel thereto. The bottom surface of the sheet includes a pattem of contacts that is a mirror image 
of those on the board, so that they may overlay those of the board's interface region, providing one- 
to-one contact between each of the contacts only with the corresponding contact on the other 
5 component. There are conductive vias between each of the top contacts and each corresponding 
bottom contact. The termination sheet includes a pair of extending ears 162 that each define an 
aperture 164 that is sized and positioned the same as the corresponding apertures 26 on the board 22. 

[0029] The cable assembly is assembled with the parallel pairs of conductors retaining their 
orientation throughout the cable length, so that the plane (or ribbon) defined by each pair in a single 

10 wire remains parallel or co-planar with the plane defined by the overall ribbon. Thus, all the signal 
conductors are said to occupy a conunon plane over the entire length of the cable. Of course, as the 
ribbon cable is flexed, it no longer defines a plane, but the "common plane" definition is intended to 
encompass that even in a flexed cable, a plane tangent to the cable will be parallel to a plane tangent 
to any of the parallel pairs at that position along the length of the cable. 

15 [0030] The parallel pair embodiment is well suited to LVDS signal transmission, with each 

wire's pair being desirably coupled for lower attenuation signal transmission. The improved 
coupling for certain applications reduces the tendency of signals to de-skew, as the signals on a pair 
tend to track together due to the close proximity of the conductors. The use of the shield with 
parallel pairs provides effective common mode interference rejection that would not necessarily 

20 affect conventional twisted pair wires. The use of parallel pairs provides the advantage of a 

predictable wire sequence to facilitate error-free assembly, and the common planar orientation of the 
conductors ensures consistent termination to provide uniform electrical performance, as compared to 
twisted pairs, which may be untwisted and flattened to different degrees at the ends connected to a 
flat circuit. 

25 [003 1] While the above is discussed in terms of preferred and alternative embodiments, the 

invention is not intended to be so limited. For instance, the terminal element may include contact 
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arrays on a single face, so that the wires are soldered to the same side that contains the compressive 
contacts. This would allow the use of a simple, one-sided element not requiring vias, for 
applications where size constraints are less significant. 



30049 CIPl 



